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Introduction
Climate change and aquaculture: Global warming and associated climate change has been a topic of scientific andsocial interest. The timely understanding of interplay between impacts and adaptation in terms of aquaculture and/orfisheries has been explained (Handisyde et aI., 2006; De Silva and Soto, 2009; Williams and Rota, 20I0; Yazdi and
Shakouri, 2010). According to Panwar and Chakrapani (2013), climate change is the long-term changes in the components
of climate such as temperature, precipitation, evapotranspiration, etc attributed to rising levels of greenhouse gases (GHG's) .
such as CO2, CH4, N20, water vapour, ozone and chlorofluorocarbons in the atmosphere. Climate change has the potential
to affect fundamental drivers of the hydrological cycle (Sharma and Gosain, 2010) and according to the IPCC (1996), the
greenhouse effect as occasioned by global warming, is likely to have significant effects on the hydrological cycle. Hitz and
Smith (2004) used increase in global mean temperature (GMT) as the metric for change in climate to analyse and determine
the general shape of the damage curve and concluded that agriculture, terrestrial ecosystem productivity, and possibly forestry
are characterised by a parabolic relationship between temperature and impacts (benefits at lower GMT increases, damages
at higher GMT increases). These authors opined that the relationship between global impacts and increase in Global Mean
Temperature (GMT) for water, health, energy, and aggregate impacts appears to be uncertain.
Aquaculture is a water-intensive endeavor and water use increases if daily water exchange is employed (Kyung and
Boyd, 1994). Depending on the system of culture adopted, water use can be limited or intensive (Lawson, 1995). The devel-
opment of aquaculture in Africa is dependent on several factors such as: availability of water, improvements in broodstock,
culture of new aquaculture species, improved rearing technology, expanded markets-local and international, local feed
production among others. Proximity to a water source that has good quality water is always mentioned as the prerequisite to
starting an aquaculture business.
Climate change is modifying the distribution and productivity of marine and freshwater species, affecting biological
processes and altering food webs with uncertainty surrounding its consequences for sustainability of aquatic ecosystems,
fisheries and aquaculture, and the people that depend on them (Yazdi and Shakouri, 20 I0). Increasing global temperatures
affects many sectors in an ecosystem. According to Hitz and Smith (2004), beyond an approximate 3--4°C increase in global
mean temperature, all of the components of the ecosystem examined, with the possible exception of forestry, showed increas-
ing adverse impacts.
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Fig.1a:Hotseason temperatureinthe North:1941-2010(Source:
NIMET2011)From the foregoing, it is clear that replenishment of ground water
occurs from both diffuse rain-fed recharge and focused recharge via leak-
age from surface waters (that is, ephemeral streams, wetlands or lakes)
and is highly dependent on prevailing climate as well as on land cover and
underlying geology (Taylor et al., 2013). It is expected that heavy rainfall
and surface runoff should contribute to efficient recharge of groundwater.
However, Owor et al. (2009) reported that heavy rainfall in the upper
Nile Basin contributed disproportionately to recharge in borehole hydro-
graphs.
Predictions of climate change impacts on groundwater resources Fig.1b:Hotseason temperatureinthe South:1941-2010(Source:
must deal with two significant sources of uncertainty: (I) uncertainty NIMET2011)
about the nature of climate change (e.g., changes in precipitation and
temperature) at local and regional scales and (2) uncertainty about the way recharge will respond to a given change in climate
(Ng et al., 2010). Consultation with a local well-drilling company or ground-water geologist often can provide an estimate
of the quantity and quality of water available from wells at your chosen aquaculture site. Management problems will arise if
the well is unproductive or if appropriate planning was not done in relation to the number of ponds to be established and the
volumeof water yield from the well or borehole (Kyung and Boyd t 994).
Groundwaterplays a pivotal role in agriculture, and an increasing portion of groundwater extracted is used for irrigated agri-
cultureto produce at least 40% of the world's food both in low-income as well as high-income countries (Hetzel et al., 2008).
Groundwater is free of pathogens and wild fish and is a preferred source of water for freshwater aquaculture (Kyung and
Boyd1994). The study of climate change as it affects surface water is vast but information on its effect on groundwater has
just started showing up in scientific communication. According to Dettinger and Earman (2007), the effects of climate change
ongroundwater can either be direct or indirect hence making it difficult to predict and study sufficiently. Climate variability
andchange influences groundwater systems both directly through replenishment by recharge and indirectly through changes
ingroundwater use with attendant anthropological modifications (Taylor et al., 2013).
The increased variability in precipitation, temperature, and evapo-transpiration that is predicted under many climate-
change scenarios will likely have varied effects on different aquifers and different locations within an aquifer depending on
spatialvariability in hydraulic properties and distance from the recharge areas (Green et al., 2011).
Groundwater can be renewable or nonrenewable as described by Barron et al. (20 t t). Aquifers that can be recharged
are renewable while nonrenewable groundwater resources are within con-
finedaquifers, with limited recharge areas (Lerner et al., 1990 and Foster .. ,.,..;.:;;:;;:;;::::;;;:;;:;;:;;::::;;:;;::;;:;;:==::::::;::;:;:.,____,
and Loucks2006). Groundwater recharge is the replenishment of ground- l'U».1
water by the infiltration of surface water into an aquifer either by direct J7A
infiltrationof rainwater or by leakage from rivers and lakes (Wallace et 1=. ~
al., 2012). Gee et al. (1994) reported increased recharge rates for ground- JU
water in non-vegetated areas as against thickly vegetated areas hence Bar- ::.
ron et al. (2011) opined that elevated levels of CO? will enhance plant
growth with an increased water use-efficiency. This- will further restrict
groundwater recharge and affect the availability for extraction to serve TIme (Months)
aquaculture.
AquacultureWater Sources
Aquaculturecan be classified using various classification schemes. In terms of water source, we classify aquaculture into two:
I. In-situ water source aquaculture: This is aquaculture that is carried out inside the natural water body without moving water
to any culture facility. Culture offish in cages, hapas and mollusk culture systems are examples.
I-'2. Ex-situ water source aquaculture: This type of aquaculture involves moving water from its natural source to a culture facility
either by pumping or use of topography. Examples are pond and tank culture, re-circulating aquaculture and raceway culture. >
Lawson (1995) pointed out that sources of aquaculture water are diverse and may comprise a combination of several /:)
sourcesbut two most likely sources are groundwater and surface water. Ground water sources (springs and wells) are pre- ~
ferredbecause they have a constant temperature, are free of biological nuisances such as fish eggs, parasites and larvae of g
predatoryinsects and are usually less contaminated than surface water sources (Zweig et al., t 999). Surface water sources ~
includerivers, lakes, springs, streams, surface runoff, brackish water and seawater. The use of these water sources is limited c::
by chemical and physical factors which must be determined to ensure quality of water for the species is adequate. Pollution ~
fromindustrial discharge as well as municipal waste is also a limiting factor in the use of these sources (Lawson, 1995 and
Zweiget al., 1999). Rainwater and municipal water supply are also useful sources of water for aquaculture. Rainwater is sea-
sonal,low in total hardness and alkalinity. Since rainwater contains almost no buffer and can be affected by airborne pollution,
carefulconsideration must be given to its quality and dependability as a primary source of supply however it has considerable
importancein reducing demand on other sources (Rust and Colt 2000).
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Synthesis of the Effects
Increased temperatures will lead to increased metabolic activity in cultured fish as water temperature will be affected by atmo-
spheric temperature. This will affect reproduction and success of induced breeding in the hatchery. Water sources will respond
to changes in the climate which is translated into effects on aquaculture as water is drawn for use.
Reduction in flow rates of rivers will affect the residence time of pollutants and also domestic and industrial waste.
This will reduce water quality and translate to costs for the aquaculturist to maintain water quality and even quantity. ln
creased runoff has devastating consequences for low lying ponds and flooding can lead to loss of stock. Increased water runoff
will translate to greater turbidity and this will lead to frequent cleaning and management of biofilters in hatcheries and inten
sive systems. Irregular rainfall will also affect environment controlled endocrine regulated gametogenesis and maturation i~
fish. Acidification of water will lead to increased C02 content and this will affect uptake of 02 by fish blood and consequenth
hypoxia. With acidification comes reduction in pH of source water, hence extra cost will be incurred for liming and buffering;
Conclusion
The use of water from any source as well as the use of water bodies for aquaculture must be done with regular analysis
parameters since climate change is an ongoing process. Surface water and rainwater are related and their use will depend
availability and proximity. Runoff will eventually enter streams and rivers with a full load of waste and pollutants.
of climate change on water bodies have been determined via simulations and real effects will only be discovered with time.
Effect of Climate Change on Rainwater for Aquaculture
Rainwater harvesting is necessary in places that are dry, hot and with little rain throughout the year (Kemppainen, 20 I0).
Rainwater collection offers a credible alternative source of water and has been in use as a way to take advantage of seasonal
precipitation that would otherwise be lost to runoff or evaporation and runoff feeds rivers, lakes, and groundwater aquifers
(Khaling, 2010).
Morrow and Dunstan (2012) reported that atmospheric deposition of contaminants in industrial locations can influence
quality of roof-harvested rainwater and that in-tank processes, along with piping/plumbing materials, have the potential to
influence inorganic composition of roof-harvested rainwater. Olobaniyi and Efe (2007) reported higher levels of lead, NO~
and SO/- in rainwater than in groundwater from WaITi, Delta state and attributed the high levels in rainwater to atmospheric
pollution from vehicular exhausts and gas flaring by petroleum industries.
Increased temperatures of surface waters can affect water quality and suitability for use in aquaculture. Increased
growth of invasive flora and fauna that are thermophilic as well as changes in chemical and physical properties of the water
bodies can occur. In lakes, a stronger thermal gradient between the epilimnion and hypolimnion can lead to difficulty in
mixing (Ficke et al., 2007). Bio-fouling as a result of algal growth can also be a significant source of concern. According
to Werritty (2002), higher water temperatures will accelerate self-purification but this could also increase the risks of algal
bloom and accelerate eutrophication in rivers and lakes. This will lead to increased cost in terms of water filtration before
use in fish hatcheries and even culture units. For cages and hapas located in such water bodies, fouling of the nets will affect
water exchange through the cages or hapas with attendant negative impact on cage water quality and reduced growth of fish
as well as mortality.
The temperature of surface water in streams and rivers will increase markedly in response to anticipated increase in
atmospheric temperature (Poff et al., 2002). Riverine habitats are likely to experience elevated temperatures in association
with decreased flow rates and increasing incidence of hypoxic conditions (Shreck et al., 200 I). According to Pankhurst and
Munday (2011) climate change can lead to phase-shifting of seasonal temperature profiles, elevated seasonal maxima and
minima, and as a consequence of increases in atmospheric CO2, increasing ocean acidification. The number of ripe eggs a
female produces is also based on environmental quality (Shreck et al., 2001). This has an important implication in aquaculture
seed production. If the quality of source water is altered, reproduction is affected and fingerling production will reduce. Riv-
erine ecosystems will experience more drastic effects of temperature increase as a result of climate change on reproduction in
fish although these effects will be widespread in marine systems (Pankhurst and Munday, 2011).
Predicted increases in atmospheric CO2 concentration are expected to cause increases in air temperatures in many regions
around the world, and this will likely lead to increases in the surface water temperatures of aquatic ecosystems in these regions
(Ngai et al., 2013). According to NIMET (2011), long term average temperature anomaly in the country indicates generally
~ increasing temperatures within a tolerance range of ±0.5°C. According to the agency (NIM ET), averages of the hot season
>- temperatures both in the South and in the North clearly show the increasing trend of temperatures in the country (Figure la
/:) and b).
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